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8. TIONOSPHERIC PHENOMENA

"Total Electron Content, Amplitude Scintillations, Slab Thickness, and True Height of
Plasma Frequencies from Fort Mommouth and Wallops Lsland Data for 6 — O March 19707

by

P. R. Arendt, F. Gorman, Jr., and H. Soicher
Institute for Exploratory Research
U. S. Army Electronics Command
Fort Monmouth, New Jersey

Data for this report have been obtained by courtesy of ESSA (now NOAA) and from our own meas-
urements. We used ATS-3 beacon observations from our Diana test site and bottomside ionograms taken
by ESSA at Wallops Island. These ionograms are of specific value for our ATS-3 observations because
the subionospheric point of the slant range (from our test site at W 74.056°, N 40.185°) toward ATS-3
was very close to the Wallops Island position. We have used the Wallops Island ionograms for cal-
culation of the slab thickness. TFor the eclipse period, we have converted these ionograms to curves
of true height versus time for fixed plasma frequencies 2 to 9 MHz.

Figures 1 and 2 show the total electron content variation for 6-9 March; the variation during
the eclipse is clearly seen, as are the changes of content value during the storm. The related slab
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Fig. 1. Total electron content variation for March 6-7, 1970.

thickness is given in Figures 3 and 4 (note the different scaling in Figure 4). For 6 and 9 March,
the slab thickness has a rather normal appearance (see Figure 3) when compared with mean values
published by AFCRL [Klobuchar and Allen, 1970]. The slab thickness on the eclipse day (see Figure
3) also follows the normal trend. The apparent jitter during the eclipse observations is due to
the narrow sequence of data (ionograms) taken during that period. The slab thickness on the day of
the severe storm (8 March, Figure 4) reflects the unusual conditions. The fast variations indicate
quick changes of the electron~density vs. altitude profiles. The greatest change between 1600 and
1700 hours EST corresponds to a sharp drop in critical~-F (from about 13 to about 4 MHz ) indicating
substantial depletion. From topside sounding it is known that enhancement and depletion of ioniza-
tion occurs during storms, but no enhancement [Arendt, 1969] with storms smoothly reaching maximum
activity (no sc). The variations of the slab thickness on 8 March as well as the content data (see
Figure 2) reflect enhancement and depletion.

Figure 5 shows the amplitude scintillations measured with signals on 137.35 MHz from ATS-3.
The scintillation index was obtained using the AFCRL method described in literature [Whitney and
Malik, 1968]. It is of special interest to note in detail the changes of the scintillation index
during the eclipse day. The index was zero from 0900 to 1100 EST and seven from 1100 to 1200 EST.
With the start of the eclipse it reached 34, but then fell below 20 where it remained until 1130 EST.

179




80
70

60

N dh
f 50

12 2

[0O'= e/cm

40
30

20

O | | | | |
9 12 15 I8 2l 24 3

HOURS EST
MARCH 8 1970 MARCH 9 1970

Fig. 2. Total electron content variation for March 8-9, 1970.

Peak values of up to 75 were observed in the interval 1430 to 1515 EST when the eclipse effects were
already diminishing. After that interval, the index remained below 20 until 2300 EST. From the
relatively small variations, it can be concluded that ionospheric observations during the actual
eclipse period were not largely affected by the magnetic activity. Together with the scintillation
index, the variations of the Kp-index are given in Figure 5. A direct correlation of the scintilla-
tion index with the Kp-index does not appear to be possible for the data in Figure 5. However, the
data indicate that fast changes of Kp are more likely to produce scintillations than smooth varia-
tions of Kp.

Figure 6 shows the evaluation of the Wallops Island ionograms of the eclipse day. Curves of
true height vs time for the plasma frequencies 2 to 9 MHz display the typical variations produced
by an eclipse. The apparent jitter which is shown during the actual eclipse interval can be ignored
because it is mainly related to the fast sequence of data taken during that period. Some undulating
altitude variations in the time interval before the eclipse are seen at the plasma frequencies 4 to
8 MHz. The 2 MHz reflection disappears before the eclipse started. The maximum altitude for the
3 MHz plasma frequency coincides with maximum coverage at 100 km. The upward motion of the F-region
is delayed with reference to that time (compare the curves for 3 and 9 MHz in Figure 6).
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"Total Electron Content Measurements during the March 7-11, 1970 Period"

by

Michael Mendillo and M. D. Papagiannis
Department of Physics and Astronomy
Boston University
Boston, Massachusetts

and

John A. Klobuchar
Alr Force Cambridge Research Laboratories
Bedford, Massachusetts

Introduction

By continuously monitoring the VHF signal from the geostationary satellite ATS-3, measurements
of the amount of Faraday rotation of the plane of polarization can be related to the integral with
height of the electron density profile of the earth's ionosphere. This quantity is called the total
electron content (TEC) and is usually expressed in the units 10%1¢ el/mz. The major contribution to
this integral occurs in the vicinity of the F-region and thus TEC data mainly describe the electron
content of the topside ionosphere. The integrated density along the ray path from the satellite is
converted to an "equivalent vertical columnar content" relevant to a height at 350 km. The geograph-
ic coordinates of this point at 350 km are N39 and W73 for TEC measurements taken at the AFCRL Saga-
more Hill Radio Observatory in Hamilton, Massachusetts. When-converted to geomagnetic coordinates,
the present set of data refers to a geomagnetic latitude of N53.

Results

Measurements of lonospheric TEC taken during the first two weeks in March 1970, included a
period during which a near total solar eclipse and a great geomagnetic storm occurred. This brief
report concentrates on the TEC variations which occurred during the geomagnetic storm period com-
mencing at 1418 UT on 8 March. The effects of the total eclipse which occurred on 7 March have al-
ready been presented by Klobuchar and Malik [1970] and will not be further discussed here. In ana-
lyzing geomagnetic storm effects, we have found it useful to augment the TEC data with measurements
of the geomagnetic field taken at the nearby Weston Observatory (N42 W71), foF2 data from the Wallops
Island ionosonde (N37 W75), as well as the Kp and Ap magnetic indices obtained from the Solar-Geo-
physical Data. All of these parameters are presented in the accompanying figure,

At the top of the figure is the 3-hr world-wide magnetic index Kp. Next, magnetic field meas-
urements of the horizontal component (H) and the total field (F) are presented in the form of hourly
values averaged from 5 readings per hour. The horizontal dashed lines give the monthly mean values
of H and F. The total electron content data were read at 5-minute intervals and are displayed in
the next row. The dashed curve represented the median hourly TEC values for the first 12 days in
March. The Wallops Island foF2 values were converted to electron density values at the peak of the
F-region (N ) and are plotted in comparison to their monthly median values (dashed curve). 1In the
final entry, We examine a parameter called Slab Thickness (T) which is defined as the ratio of TEC
to N - Variations in slab thickness (T) describe the relative changes in the gross shape of the
F-region. We computed hourly values of T and plotted the deviation (AT) from median values obtained
during the period 1-12 March.

In examining this figure, we first note that the eclipse effects on the 7th are imbedded in a
significant amount of geomagnetic activity (Ap=42). Nevertheless, quite a pronounced dip is found
in both total content and peak density during the time of maximum obscuration (95%). The event of
prime concern, the severe geomagnetic storm of 8 March, began with a storm commencement (SC) at
approximately 0930 LT. The beginning of the storm period was peculiar in that the magpetic field
showed a rapid decrease rather than the usual increase during the initial phase. During the after-~
noon hours there was a remarkable increase in the geomagnetic field with a peak enhancement at 1700
LT. The total field (F) increased by 500 gammas which is nearly 1% and Kp also reached its maximum
possible value of 9 during this period. While the TEC data show that after the SC the daytime total
content was enhanced, the major increase in TEC occurred during the period when the total field was
increasing. The phenomenon of substantial simultaneous enhancements in the total magnetic field
and the total electron content during the early phase of a geomagnetic storm has been discussed by
Mendillo, Papagiannis and Klobuchar [1970a]. The fact that the total field and horizontal component
are both greatly increased suggests strong compressive effects. Such a compression implies a con-
traction of F-region plasma as well as a protonospheric flux into the topside ionosphere. The rea-
son why the effect is localized to the afternoon hours probably lies in the fact that the dawn~dusk
electric field associated with magnetospheric convection partially cancels the co-rotational motion
of the ionospheric plasma near the sunset region. This stress hindering co-rotation causes both
plasma and magnetic field to pile up along the entire sunset meridian. This "Dusk Effect" is dis-
cussed in detail by Papagiannis, Mendillo and Klobuchar [1971].

185




SCl= 14:18 UT

HORIZONTAL FIELD INTENSITY
H400* AT WESTON
300+ H=17.000 GAMMAS +

600F_~
500}
F
400
300
200

I ! I | - ; | 1 | i ] ! ] ] | | l I i 1

TOTAL ELECTRON CONTENT

(10'® el/m2) |
| FIRST
NTGO CONTACT ¢ OA‘,?&ET

I
PEAK DENSITY (WALLOPS ISLAND)
(105 el/ecm3

NMAXIC?% /V\ /v% - /’\}¢/&\\f\

n
O
T

CHANGE IN SLAB THICKNESS

+*100F  (Km)
+ 50F
AT o —"—Lﬁ\w‘q" WW
-50_
D J | _LQCAL MEAN TIME L
0 12 OO 2 OO OO

12 12 24
7 MARCH 8 MARCH 9 MARCH 10 MARCH Il MARCH
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While TEC and N usually respond in similar ways to perturbations, the irregular nature of
N on the 8th indiCates that strong motions may have severely distorted the N _(h) profile. This
18%81s0 shown in the slab thickness results. The high T values on the 8th are due to the enhance~-

ments in electron density above the peak (i.e., in TEC) being greater than those at the peak (i.e.,

in N ),
max
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After the maximum total content value is reached at about 1500 LT, there is a rapid decrease
in TEC at several times the normal decay rate. This is a common feature also eyident in our earlier
study of geomagnetic storm effects. Following this large decrease in TEC, the nighttime values re-
mained severely depressed until sunrise on the following day. These TEC depletions give evidence
for strong heating of the neutral atmosphere enhancing the N, and 0, concentrations at F-region
heights and therefore the electron loss rate. Considering that the depressions in TEC are so severe
early on the 9th, it is somewhat surprising that the subsequent daytime values are not similarly
depressed. On March 10 and 11, the TEC is only slightly depressed while Nmax is basically unchanged.
This leads to slab thickness values somewhat lower than usual.

The reason why the durations of both the magnetic and ionospheric effects are abnormally short
is an interesting question which deserves further attention. We haye recently completed an analysis
of over 2 years of TEC, Nm » and T data for geomagnetic activity effects by studying 28 individual
storm periods. Our results show that the average period of TEC depletions (i.e., the negative phase)
lasts for at least 60 hours, except during equinox storms when this period is reduced to 48 hours,
and in particular for Spring storms when the negative phase lasts only 12~24 hours. A detailed dis-
cussion of these results is in preparation [Mendillo, Papagiannis and Klobuchar, 1970b].
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"Quasi-Periodic Fluctuations in the Scintillation Index
obtained on March 8, 1970, from Four Synchromous Satellites"

by

Henry Mullaney and Michael D. Papagiannis
Department of Physics and Astronomy
Boston University
Boston, Massachusetts 02215

and

Jules Aarons
Air Force Cambridge Research Laboratories
Bedford, Massachusetts 01730

Scintillations in the amplitude of the signals from ATS-3, ATS-5, Early Bird, and LES-6, re~
ceived at the Sagamore Hill Radio Observatory of the AFCRL in Hamilton, Massachusetts, haye been
analyzed for the March 6-10, 1970, period. During these days, the longitude of the satellites (the
latitude of all these geostationary satellites is nearly 0) and their respective sub-ionospheric
points (the latitude and longitude of the point where the signals cross a height of 350 km) are
given in Table T.

Table I
Sub~Ionospheric
Satellite Frequency Longitude Longitude  Latitude
ATS-5 136 Miz 1046 W 74.7 W 39.2 N
ATS-3 136 MHz 85 W 72.4 W 39.3 N
Early Bird 136 MH=z 54 W 68.9 W 39.3 N
LES~6 254 MHz 43.5 W 67.5 W 39.2 N

On March 8, the scintillation indices were unusually high (see Figure 1). At 0200 UT a sharp
increase occurred in the scintillation of the signals from LES~6 and Early Bird, the two eastern
satellites. Commencing at about 0700 UT, scintillations from all four satellites displayed a quasi-
periodic structure with a period of about 90 minutes. The maximum of the scintillation activity
seems to occur in the 0900 - 1000 UT interval.

During this period of high scintillation activity, strong magnetic fluctuation was observed
at the Weston Observatory in Weston, Massachusetts. As seen from Figure 2, the decreases in the
total field strength during this period correspond extremely well to the increases in the scintil-
lation index from ATS-3. This strong correlation is indeed impressive in light of the facts that
the scintillation index is determined every 15 minutes (and hence some fine structure may be lost),
and that Weston Observatory is at 42.4 N, while the sub-ionospheric point of ATS-3 is 39.3 N. It
should be pointed out, however, that the longitude of the ATS-3 was approximately the same as that
of Weston Observatory, which might be the reason why the magnetic fluctuations are best correlated
with the scintillation index from the ATS-3.

Since the period of the oscillations in scintillation index is suggestive of gravity waves,
the total electron content from ATS-3 was examined and is plotted in Figure 2. Near the times of
the second and third peaks in the scintillation index, the total electron content dropped by about
5x101% el/m® between 1000 and 1015 UT (a drop of 8%) and by about 9x10*° el/m® between 1100 and
1120 UT (a drop of 9%). It should be noted that, except for these two decregses, the total electron
content increased continually after 0705 UT, despite the fact that dawn at the F-layer did not occur
until about 0940 UT. This could have been the result of an external source of ionization such as
particle precipitation, or the movement of the minimum of the trough out of the sub-ionospheric
region. The invariant latitude A of the trough was given by Rycroft and Burnell [1970]

A= 60.4 - 1.4Kp - 0.7t * 3.5

When the increase in the total content started, the local time t was t=2 and the Kp index was Kp=6.
This places the trough at an invariant latitude A = 50.6 * 3.5, and therefore our sub~ionospheric
point with A=52.5 would very easily be in the trough. The onset of high scintillations at this time
suggests that the trough was moving to lower latitudes, and that the increase in total content would
be the result of the sub-ionospheric point moving out of the trough. It has been observed [Aarons
and Allen, 1971] that the scintillation boundary also moves toward the equator with increasing geo-
magnetic activity. During the magnetically disturbed period, the sub-ionospheric points of the paths
to the four satellites were within the irregularity region north of the scintillation boundary.
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In summary, it seems
scintillation boundary and the ionospheric trough to low
points moved out of the trough and were located in a region of high scintillation activity. It is
interesting that under these conditions points along the same meridian show a very hi
ence between the peaks on
well as the peaks of the total magnetic field and the valleys of the scintillation index.

possible that on March 8, 1970

the scintillation index and the valleys of the total magnet
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"Incoherent Scatter Observations of an Overhead Aurora"

by

J. V. Evans
Lincoln Laboratory M.I.T.
Lexington, Massachusetts 02173

The Millstone Hill incoherent scatter radar (N42.5 W71.6) was operated during the magnetic storm
in March 1970 on the night of March 8-9 for 10 hours. These observations were carried out following
notice kindly provided by Dr. John Noxon, Blue Hill Observatory, (Harvard University) that a visual
aurora was in progress. The auroral luminosity was chiefly evident to the north of the station and
persisted until about 2300 EST.

Measurements were made of the electron density, electron and ion temperatures over the altitude
range 200-800 km using procedures described by Evans et al. [1970]. The time resolution in the meas-—
urements was 30 minutes. The vertical profiles obtained have been converted to contour diagrams
(Figures 1-3). Considerable difficulty was encountered in reading the Millstone Hill ionosonde dur—
ing the observing period to obtain the value of foF2 (used to provide an absolute calibration of the
electron density profiles produced by the radar). Prior to midnight strong returns from the E-region
were visible; probably these were reflections from the ionization produced in the E-region by the
auroral precipitation. During this period foF2 appeared to be varying rapidly in an irregular manner.
Following midnight foF2 fell below the lowest value (v 2.5 MHz) observable with the Millstone Hill
ionosonde. Thus, in order to obtain the variation of foF2 with time we were obliged to supplement
the ionosonde measurements with values derived from the variation of the echo power observed with the
incoherent scatter radar.
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Fig. 1. Contours of constant electron density vs. height and time during the
period 20-06 EST, March 8-9, 1970. A visual aurora was present during
the evening.
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Figure 1 presents the electron density contours obtained. The presence of the aurora seems to
have given rise to a layer below the normal nighttime F layer with a height of maximum density of
130-140 km. In Figure 1 this layer is indicated by the symbol Es. The largest density in this layer
occurred a little before 2200 EST and was then somewhat less than 10° el/cm®. This is considerably
lower than the electron density (%105) deduced for intense aurorae from observations of the luminos-
ity [Walker and Rees, 1968] suggesting that Millstone lay only on the fringe of the precipitation
region. The Es layer disappeared rapidly around midnight. The F-layer peak appears to have been
much higher than normal during the period prior to midnight and the series of maxima and minima (Fig-
ure 1) suggests that a large travelling ionospheric disturbance was present. These maxima could have
been produced by successive increases in the precipitation of very soft electrons, but this interpre-
tation seems to be ruled out by the electron temperature variation (Figure 2) which shows no increases
during these times.

MILLSTONE HILL
8-9 Mar 1970
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Fig. 2. Contours of constant electron temperature during the period 20-06 EST
March 8-9, 1970.

The electron temperature behavior (Figure 2) observed on this night is complicated by the varia-
tions introduced by conjugate sunset and sunrise. The conjugate point to Millstone lies to the south
of the Antarctic circle [Evans, 1968] and thus, experienced only a brief period of sunset (defined
here as X=105°); during this period the local electron temperature declined considerably. It is
possible, however, that conjugate sunset coincided with the cessation of the auroral precipitation
and that this accounts for the rapid drop in Te at midnight. Prior to midnight the electron temper-
ature was anomalously high though not as high as has been reported in a number of red arcs [Norton
and Findlay, 1969]. A peak in the temperature just prior to 2200 EST appears to be associated with
a peak in the Es layer density.

The ion temperature values (Figure 3) follow the general trend of the electron temperature but
do not exhibit the same rapid variations; this is to be expected in view of the coupling between the
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ion and neutral temperatures. The values shown in Figure 3 suggest that the exospheric temperature
was quite high before 2200 EST but did not exceed about 1300°K.
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Fig. 3. Contours of constant ion temperature during the period 20-06 EST
March 8-9, 1970.

The measurements reported here are consistent with the following over-all picture, Prior to mid~
night Millstone lay at the equatorward edge of the region of auroral precipitation. If any red arc
were present it lay considerably to the south of Millstone. Following midnight the boundary of the
precipitation moved northward leaving Millstone lying under the trough of low ionization demsity.
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"Jicamarca Incoherent Scatter Observations during the March 1970 Storm"

by

Ronald F. Woodman
Jicamarca Radar Observatory
Instituto Geofisico del Peru

Apartado 3747, Lima, Peru

The purpose of this note is to report on ionospheric observations taken at Jicamarca (1° N
Magnetic Latitude) during the March 8, 1970 magnetic storm. This report includes measurements of
the electron density, electron temperature and vertical drift (or E-W electric field) for the 7,
8 and 9 of March 1970. These measurements are complemented by C-4 ionograms and magnetic field
measurements taken at the Huancayo Observatory which is located at the same magnetic latitude
100 km east from the Jicamarca Observatory. We are including Huancayo AH magnetograms to illus-—
trate our discussion.

The data reported here are still under study and it is being reported in response to the re-
quest of the World Data Center A, Upper Atmosphere Geophysics, in its effort to gather world-wide
data taken during the magnetic storm in a single publication. Therefore, we shall present the ex-
perimental facts limiting our discussion and conclusions to those which can be .derived from simple
inspection of the records.

The techniques used to gather the data have been reported previously. The electron densities
have been obtained using the Faraday rotation method and the electron temperatures using the cross
correlation technique, both systems have been described by Farley [1969a,b]. The technique to
obtain the vertical drift (E-W electric field) is described by Woodman and Hagfors [1969]. The
three parameters were measured almost simultaneously.

We do not have quiet day measurements of density and temperature sufficiently close to the day
of the storm to be taken as a control day. The reader will have to refer to the statistical be-
havior of these parameters as measured at Jicamarca and reported by J. P. McClure, D. T. Farley and
R. Cohen [1970] and J. P. McClure [1970]. We have included here the statistical behavior of verti-
cal drifts for the same season taken from Woodman [1970].

Results and Discussion

Figures la) and 1b) show the electron temperature, electron density and vertical drift (E-W
electric field) for March 7, 1970. The conversion factor between velocity to electric field is
40 m/sec equal 1 millivolt/meter March 7 was already disturbed with three hour Kp's as high as 6-.
The behavior of the electron density shows nothing very unusual, and the electron temperature
agrees well with what one would expect from previous experience for the corresponding density pro-
file. The vertical drifts did show some disturbance which can be better appreciated in Figure 4
(curve 7) in comparison with the typical behavior for the season. The fluctuations with low values
at 1100 and 1500 hours LI* can be attributed to the storm.

There were two passes of 0GO-6 close to the station which could be used to take a reference
value for the electron temperature as measured by the satellite., The passes are shown by a satel-
lite looking symbol in Figure la) (disregard the satellite height, it corresponds to the satellite
range from the station).

On March 7 there was a solar eclipse but it was not seen at Jicamarca. The line of totality
crossed our longitude at 1330 LT and 46° to the north of us. We did not see any effects which
could be attributed to the eclipse, as could be expected being so far away from the affected zone.

Figures 2a) and b) show the electron temperature, electron density and vertical drift (B-W
electric field) for March 8, 1970, the most disturbed day. Sudden commencement occurred at 0918 LT.
We do not have any data from 0830 to 1130 LT; the transmitter was turned off to make some adjust-
ments. We were not aware of the storm and were running a control day for the eclipse of the previous
day.

The effects on the density contours are very dramatic. There was a very rapid uprising of the
F layer starting at 1300 hours LT reaching a height for the maximum density, H , of 800 km at
least! The sensitivity of the system at these heights went down as a new layer appeared at 1500 LT,
increasing the Faraday dispersion effects [McClure, 1967] as a consequence of the increase in total
electron content, and it is possible that the top peak went even higher at later times. The rapid
uprising of the F layer was due to a very high upward vertical velocity as shown in the same Figure
2a) and in Figure 4, curve 8. The slope in the contour lines agrees well with the measured ve-

locities. The appearance of a second peak can be attributed, in part, to new production in a re-

* All local times refer to 75° W.
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gion depleted of ionization due to the rapid up-lift, but the peak is too high in altitude to be
attributed to production alone. The vertical velocity as a function of height is fairly constant,
therefore, the divergence term in the direction of the magnetic field lines must be large to explain
this behavior. This must also be true to explain the downward motion of H and of the top electron
density contour lines, even though the measured velocities indicated an upward motion.

The electron temperature is also unusual. A typical quiet day behavior is more like the one
shown for March 7, 1970. There is usually a nose shaped temperature profile with a maximum about
250 km with temperatures as high as 2100°K and fairly constant temperature in the order of 1200°K
from 350 km and up. The most conspicuous feature of the March 8 temperature profile is the broad
"nose', the 1500°K contour being as high as 450 km at 1600 LT rather than a usual 320 to 350 km.
The maximum temperature is also higher than usual; in any case 200° higher than on March 7. Both
features could be explained by the fact that the densities were lower at the heights in question,
due to the rapid uplift of the layer. At lower density, there is less thermal contact between
electron and ions and Te is higher than Ti (and Tn) for a given solar energy input.

The electron density, vertical drift and electron temperature for March 9 are shown in Figures
3a) and b). The only obvious feature which could be attributed to the storm is the unusual nega-
tive velocity shown between 1430 and 1630 LT. There is a downward motion of Hy.y @t this time in
agreement with the measured negative velocity.

We are showing on Figure 5 the AH variations taken from Huancayo magnetograms as well as the
vertical drift measured at Jicamarca for the same days reported above. Note the correlation be-
tween AH fluctuations, with time scales of the order of one to two hours, and the fluctuations on
the vertical velocity at F region heights. Balsley and Woodman [1969] have shown the high corre-
lation that exists between the electrojet current at E region heights and the E-W electric field
associated with the vertical electromagnetic drift at F region heights. So we can take the vertical
drifts as a measure of the electric field that drive the current at E region heights which in turn
is responsible for the AH variations shown in the magnetograms; at least those fluctuations that
correlate. There is a bias with a larger time constant which does not correlate. This is more
conspicuous on March 8 and can be attributed to the ring current.

We cannot say much about the smaller time scale fluctuations, for this we would have had to
take vertical drifts more often and with shorter integration times. We used a 5 to 10 minute
integration with sample points at the straight line breaks.

Conclusions

We have presented simultaneous measurements of electron density, electron temperature and
vertical drifts taken during one of the largest magnetic storms of the present solar cycle. From
simple inspection of the data we can arrive at the following qualitative conclusions: There is a
close relationship between magnetic activity and the behavior of the vertical drift at ionospheric
heights. The electron density variations are mainly due to changes in the vertical drift although
not in a simple manner. Diffusion along magnetic field lines is important and has to be considered
in modeling the behavior of the ionosphere in a magnetic storm. There are electron temperature
variations at F region heights but these can be explained, partially at least, by the changes in
thermal contact due to changes in electron density. The one to two hour features of AH variations
in a magnetic field at equatorial latitudes were an indication of what the vertical drift, or E-W
electric field, was doing at F region heights. The electric field responsible for the changes in
current in the electrojet is mapped at F region heights and drives the vertical motion of the iono-
sphere.
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